Calcium/calmodulin-dependent protein kinase II phosphorylates and regulates the Drosophila eag potassium channel.
Modulation of neuronal excitability is believed to be an important mechanism of plasticity in the nervous system. Calcium/calmodulin-dependent protein kinase II (CaMKII) has been postulated to regulate the ether à go-go (eag) potassium channel in Drosophila. Inhibition of CaMKII and mutation of the eag gene both cause hyperexcitability at the larval neuromuscular junction (NMJ) and memory formation defects in the adult. In this study, we identify a single site, threonine 787, as the major CaMKII phosphorylation site in Eag. This site can be phosphorylated by CaMKII both in a heterologous cell system and in vivo at the larval NMJ. Expression of Eag in Xenopus oocytes was used to assess the function of phosphorylation. Injection of either a specific CaMKII inhibitor peptide or lavendustin C, another CaMKII inhibitor, reduced Eag current amplitude acutely. Mutation of threonine 787 to alanine also reduced amplitude. Moreover, both CaMKII inhibition and the alanine mutation accelerated inactivation. The reduction in current amplitudes and the accelerated inactivation of dephosphorylated Eag channels would result in decreased outward potassium currents and hyperexcitability at presynaptic terminals and, thus, are consistent with the NMJ phenotype observed when CaMKII is inhibited. These results show that Eag is a substrate of CaMKII and suggest that direct modulation of potassium channels may be an important function of this kinase.